Abstract-Using theoretical and experimental approaches, we examined whether blood pressure at the wrist can be accurately measured by a volume-oscillometric method using a small pad-type square cuff placed above the radial artery (RA). Nuclear magnetic resonance imaging of the wrist allowed us to determine the geometry of two-dimensional(2-D) nite-element models. Finite-element method (FEM) analysis predicted that the pressure transmission ratio (calculated tissue pressure over externally applied pressure; square cuff to RA) was 98.8% for a cuff with a bladder sidelength 0.25 times the wrist diameter placed on the skin surface between the tendons of the brachioradialis muscle (T a ) and the exor capri radialis muscle (T b ) and over the site (L) at which RA crosses the most protuberant spot on the volar aspect of the distal end of the radius. In addition, FEM analysis using a 3-D nite-element model (constructed by extending the 2-D nite-element model at site L in the longitudinaldirection)showed that for all square cuffs with bladder sidelengthsgreater than or equal to 0.25 times the wrist diameter, the external pressure was transmitted almost completely to RA beneath the cuff center. Moreover, when the bladder sidelength was 0.44 times the wrist diameter, but not 0.29 times the wrist diameter, the mean blood pressure measured at site L in human subjects was similar to that measured at the upper arm. Taken together, the theoretical and the experimental results suggest that (i) blood pressure at the wrist can be measured accurately using a pad-type square cuff placed on the skin surface between T a and T b at site L, and (ii) the minimum bladder sidelength for accurate readings is somewhere between one-third and one-half of the wrist diameter.
INTRODUCTION
Auscultatory and oscillometric methods for indirect blood pressure measurement are widely used in clinical practice and in home monitoring. These indirect methods commonly use a conventional occluding cuff, which wraps around an extremity (typically the upper arm) and compresses an underlying artery when in ated [1]. However, repeated or long-term compression by such a conventional cuff may cause venous congestion and ischemic pain at distal sites to the cuff [2] . To avoid this, an artery with a rich collateral circulation needs to be found, while use of a pad-type cuff should only locally compress the underlying artery.
Blood ow to the forehead is supplied by the supraorbital, super cial temporal and supratroclear arteries. Since these arteries anastomose freely with each other and with arteries on the contralateral side of the forehead, several groups have proposed making indirect blood pressure measurements from the supraorbital or super cial temporal artery [3 -6] . For example, Lee et al. [3] developed an instrument for taking indirect blood pressure measurements from the supraorbital artery using the cuff-oscillometric method, while Kobayashi et al.
[4] used a volume-oscillometric method over the super cial temporal artery. Both used pad-type cuffs to compress the underlying artery. However, mean blood pressure values obtained from these arteries do not match those measured simultaneously from the upper arm held at the level of the heart, both because of the physiological difference such as a diameter in the location of the arteries along the vascular trees.
Like the forehead, the wrist contains two arteries [the radial artery (RA) and the ulnar artery (UA)]. These arteries have arterial arches in the hand called the super cial palmar arterial arch and the deep palmar arterial arch. Blood ow to the hand comes mainly through arterial branches from these arterial arches, e.g. blood is supplied to the ngers via digital arteries that arise from the arterial arches. Veins such as the cephalic and basilic veins of the hand also anastomose freely with each other to form the dorsal and palmar venous networks. It therefore seems unlikely that compression of one of the arteries in the wrist (the RA or UA) using a pad-type cuff will disturb the blood supply to the hand.
In a previous study, to examine the feasibility of making indirect blood pressure measurements at the wrist, we used a nite-element method (FEM) and data provided by use of a volume-oscillometric method [7] . In that study, a conventional occluding cuff was wrapped around the wrist and we found that for accurate blood pressure measurements, the site (L) at which the RA crosses the most protuberant spot on the volar aspect of the distal end of the radius was a suitable location for the cuff. We also found that a cuff whose bladder width was 0.45 times the wrist diameter provided accurate readings. In the wrist, the RA is contained within the soft tissue (mainly skin and connective tissue) situated between the tendon of the brachioradialis muscle (T a ) and that of the exor capri radialis muscle (T b ). Hence, it seems likely that when a pad-type cuff is placed on the skin surface between T a and T b , accurate blood pressure readings are obtained because the external
